Background: Internal auditory canal (IAC) stenosis and vestibulocochlear nerve (VCN) abnormalities have been reported to be associated with sensorineural hearing loss. Previous studies classified the normal dimensions of the IAC and its anomalies with no (Folia Morphol 2017; 76, 2: 178-185) 
INTRODUCTION
Internal auditory canal (IAC) stenosis has been proved to be well correlated with congenital sensorineural hearing loss. One of the most common causes of this anomaly is lack of development of the vestibulocochlear nerve (VCN) [11, 16] . Malformations of the IAC especially stenosis or atresia were suggested to be due to hypoplasia or aplasia of the VCN, respectively [2, 3, 9, 10] . Other study suggested that stenosis of the IAC produces compression and damage of the VCN resulting in nerve dysfunction [19] .
High resolution computerised tomography (CT) is considered a very sensitive method to investigate the precise dimensions of the IAC and the detection of its anomalies [14] [15] [16] . Recent technologies in magnetic resonance imaging (MRI) were proved to be more sensitive and specific for diagnosing soft tissue abnormalities in the IAC than the high resolution CT [10, 18, 25] . Moreover, thin-section T2-weigthed MRI in parasagittal planes was found to be the best to clarify the relationship of the facial and VCNs and their anomalies as they run laterally within the canal [20] .
Previous studies classified the normal dimensions of the IAC and its malformations without evaluating the VCN [6, 15, 21] . Other studies classified the VCN development in only stenotic IAC with the exclusion of normal or enlarged canals [4] . Moreover, few studies have measured the dimensions of the IAC in children, as most of the studies were done on adults [6, 24] or on a very wide range of age; from 1 to 92 years [8] or from 1 to 72 years [5] . The aim of the present study was to provide an anatomical classification of the normal dimensions of the IAC and its anomalies in children aged from 1 to 10 years and their association with congenital malformations of the VCN and its subdivisions using the modern radiological techniques.
MATERIALS AND METHODS

Participants
Retrospective review was undertaken from Nile Scan CT and MRI divisions. The study was approved by the Research Ethics Committee, Faculty of Medicine, Cairo University. A total of 764 canals of 382 children were investigated for pre-operative assessment of cochlear implantation as a treatment of sensorineural hearing loss. Other 100 canals of normal hearing ears of 50 children who were referred to the centre to obtain cranial CT and MRI for various reasons, except hearing loss, were included in this study as the control group. These patients had no past medical history or clinical signs and symptoms related to ear diseases. The age of all children ranged from 1 to 10 years, born between January 2004 and December 2013. They were 220 males and 212 females. The medical charts of the patients were evaluated for age, sex, CT scans and MRI.
Multislice CT (MSCT) imaging
The tomography scanner Toshiba Asteon (MSCT-16 Detector) was used for obtaining the images. Axial cuts were 0.5 mm wide and taken at 0.5 mm intervals. Coronal images were reconstructed from the axial source images using multiplanar reconstruction (MPR) of every 0.5 mm wide section and 0.5 mm wide interval. The images were acquired by a high resolution algorithm with parameters; 120 Kvp, 180 mAs, exposure time; 1.00 s and matrix size; 512 × 512.
The maximum anteroposterior diameter, which was considered the width of the canal, was measured in axial plane and the length of the canal, measured from its bottom to the centre of its orifice, was identified in coronal plane (Fig. 1) . The maximum width of the IAC was found equal 8 mm and the minimum width was equal 3 mm in the control group. So the canals were categorised normal: if there width are from 3 to 8 mm, patulous: if more than 8 mm, stenotic: if less than 3 mm and atretic if absent [24] .
MRI protocol
Magnetic resonance imaging was performed with a dedicated paediatric VCN protocol, on a 1.5 T scanner (Achiva Philips) 8-channel head coil. The protocol included axial and sagittal oblique T2-balance fast field echo (BFFE) weighted images. Parameters for the MR scanner (repetition time/echo time: 5.42-12.25 ms/ /2.42-5.9 ms, flip angle: 50-80°, field of view: 120-180 mm, matrix size: 512 × 512), with resultant near-isotropic voxel sizes ranging from 0.5 to 0.7 mm in length [6] .
Statistical analysis
The data were studied using SPSS 20 statistical programme. The quantitative data were examined by Kolmogrov-Smirnov test for normality. Comparison of width, length and nerve trunks among the studied groups were done using one way ANOVA test. Chi--square (c 2 ) test was used to study the association between the studied groups and nerve trunks.
RESULTS
Based on MSCT measurements, IACs were found normal in 66% of the experimental cases with a mean width: 5.27 ± 0.68 and mean length: 7.00 ± 0.97 Table 1 ). Patulous canals were found in 17% of cases; with a mean width 113% more than that of the control group (p = 0.000) and mean length 21% more than that of the control group ( Fig. 2A, B ; Tables 1, 2 ). Stenosis was found in 13% of the canals; with a mean width 73% less as compared to that of the control group (p = 0.000) (Fig. 3A, 4A ) and mean length 50% more than that of the control group (p = 0.000) ( Fig. 3B, 4B ; Tables 1, 2 ). Lastly, atresia was found in 4% of the canals (Fig. 4A, B) . However, gender distribution was not statistically significant (p = 0.07) within the different studied groups.
The association between the different IAC groups (control, normal, patulous, stenotic and atretic) and VCN trunks and subdivisions using c 2 test was highly significant (p = 0.000). VCN trunks were found normal with well-developed subdivisions (Fig. 5A-C (Table 3) .
The VCN trunks were normal with hypoplastic subdivisions (Fig. 6A-C ) in 11.3% of the normal canals, 1.6% in the patulous canals, 61.6% in the stenotic canals with a mean width 52% less than that of the normal trunk with developed subdivisions (Table 4) . Hypoplastic VCN trunks with absent subdivisions (Fig. 7A-C, 8A , B) were reported in 7.3% of the normal canals, 11.1% of the stenotic canals and in 3.2% of the atretic canals. VCN trunks were not found (Fig. 8A, C ) in 3.6% of the normal canals, in 8.1% of the stenotic canals and in 96.8% of the (Table 3 ). The mean width of the canal was 47% and 80% less in the hypoplastic trunk with no subdivisions and the aplastic trunk cases respectively as compared to that of the normal trunk with developed subdivisions. The mean length of the canal was 25% and 20% more in the normal trunk with hypoplastic subdivisions and hypoplastic trunk with no subdivisions cases respectively as compared to that of the normal trunk with developed subdivisions. However, it was 34% less in the aplastic trunk than that of the normal trunk with developed subdivisions (p = 0.000) ( Table 4) .
DISCUSSION
Several studies examined the dimensions of the internal auditory canal using bony skulls [7] , dissected cadavers [20] and radiographs [15] . In the present study, the IAC was considered patulous if its diameter was more than 8 mm and stenotic if less than 3 mm. This classification is consistent with that of Thomsen et al. [24] . However, the authors investigated the IAC in individuals aged from 13 to 83 years. Other studies performed on children, like that of Huang et al. [10] , Lang [12] , Li et al. [13] , and Marques et al. [15] classified the normal anteroposterior diameter of the IAC ranging from 3 to 7 mm, from 4.64 to 5 mm, from 2 to 8 mm and stenotic if less than 2 mm, respectively. These variations in considering the normal dimensions could be resulted from the variability in the techniques used in measurements or due to the difference in age groups.
The shape and arrangement of the facial and vestibulocochlear nerves and their subdivisions, demonstrated in the control and normal groups of the present work using MRI protocol, were in agreement with the results described by several researchers [1, 17, 20, 22, 23] . Hypoplastic subdivisions of the VCN were found in 61.6% of the stenotic canals and aplastic nerve trunks were found in 96.8% of the atretic canals which were considered highly significant (p = 0.000). These results indicated that stenosis or atresia of the IAC could be explained as being secondary to hypolplasia or aplasia of the VCN as reported by the studies of Baek et al. [2] , Giesemann et al. [9] , and Huang et al. [10] . Moreover, the present study confirmed the relationship between the width and length of the canals and the development of the nerves and their subdivisions. The mean width of the canals was found to be 52%, 47% and 80% less with the normal nerve trunk with hypoplastic subdivisions, hypoplastic trunk with no subdivisions and aplastic nerve trunk respectively compared to that of the normal trunk and subdivisions, indicating a highly significant (p = 0.000) association between the small calibres of the 
CONCLUSIONS
Based on MSCT, IAC stenosis or atresia are highly indicative for MR examination of VCN trunk and its 
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The authors thank Professor Sherif Zaky for providing his inspiring assistance and critical comments and advices especially in the statistical work and classifications for calculations and validity of deductions. subdivisions as regarded greatly influencing the development of the canal. This paper could serve as a reference providing a quantitative classification of the relationship between the dimensions of the IAC and the development of the VCN trunk and its subdivisions. 
